A lthough scleral buckling surgery achieves a high anatomical success rate in patients with rhegmatogenous etinal detachment (RD), the visual recovery remains less satisfactory, particularly when the macula is involved. Several studies [1] [2] [3] [4] [5] have reported that preoperative visual acuity, duration of macular detachment, and extent of RD are the major factors related to postoperative visual outcome. However, it is generally difficult to estimate visual prognosis using these variables in clinical practice. Friberg and Eller 6 used the potential acuity meter (PAM) to predict postoperative visual improvement in patients with RD and found a high correlation between preoperative PAM measurements and postoperative visual outcome. We used the Lotmar visometer in a series of patients with macula-off RD to determine if this method is useful in predicting postoperative visual acuity.
The Lotmar visometer, which was developed by Lotmar 7 in 1980 for quantitative assessment of visual capacity independent of ocular media opacities, is an interferometric method using a white light source. Two separate coherent light beams directed through the pupil overlap inside the eye and produce interference fringes seen as light and dark stripes. Visual acuity is measured by varying the width of the stripe patterns corresponding to Snellen equivalents.
MATERIALS AND METHODS
Between 1 June 1995 and 31 July 1997, 63 patients with primary rhegmatogenous RD involving the macula who underwent scleral buckling surgery were enrolled in this study. Phakic or pseudophakic eyes with posterior chamber intraocular lens implants, in which the optical media is clear, were included. Patients with giant retinal tears, coexisting ocular disease, or a history of previous retinal surgery were excluded.
We eliminated 13 patients who could not see any interferometric stripes on the visometric examination. An additional 10 patients were excluded after surgery because of surgical failure (five patients), postoperative complications that could adversely affect visual prognosis (preretinal fibrosis in two patients and nuclear cataract in one patient), and having less than 6 months of follow up (three patients). Therefore, the study included 40 eyes of 40 patients who were followed up for at least 6 months after a successful scleral buckling surgery. Patient ages ranged from 21 to 73 years (mean 52.7 years). Retinal detachments were associated with pseudophakia in five eyes and with high myopia in five eyes. This represents a non-consecutive series of patients; however, no other inclusion or exclusion criteria were applied.
Duration of macular detachment was determined by the patient's recall of the duration of central blurring or vision loss and was recorded in weeks. Preoperative visual acuity was measured using a Snellen chart under standardised conditions. The fundus was examined with a three mirror Goldmann lens, and a detachment chart was drawn.
Potential visual acuity was measured by the same physician (BY) using the Lotmar visometer (Haag-Streit, Bern, Switzerland) the day before the operation. The measurements were done in a dark room after full dilatation of the pupil. The visometer was mounted on a slit lamp. Light aperture of 0.5 mm, visual field of 3.5°, and voltage of 6.0 V were set on the device. Before the measurement, patients were instructed about the method. Their normal eyes were tested first to familiarise them with the interference stripes. The light beam was then directed onto the pupil in the eye with RD. The stripes corresponding to visual acuity of 20/800 were presented and the direction of the stripes was asked of the patient. When the patient reported seeing these stripes and indicated their directions properly, the stripes were gradually narrowed. The narrowest set of stripes that the patient correctly saw in different directions was recorded as potential visual acuity.
Reattachment surgery consisted of scleral buckling using radial placement of a silicone sponge in 33 patients and circumferential placement of a solid silicone combined with an encircling band in seven patients. Subretinal fluid was drained in 10 patients. Retinopexy was performed by either transscleral cryotherapy during surgery or laser photocoagulation after surgery in all patients.
After surgery, different ophthalmologists without knowledge of the visometric predictions measured visual acuity after 1 week, after 1 month, and then every 3 months for 1 year. Patients were then examined every 6 months. The best visual acuity with refractive correction obtained at any time during follow up was used for statistical analyses. Mean follow up was 18.9 months (range 6-46 months).
We transformed all Snellen and visometric values into their logarithm of the minimum angle of resolution (logMAR) equivalents for statistical purposes. Visual acuity at the level of counting fingers was converted to a Snellen equivalent by writing the counting fingers distance as the numerator and 200 as the denominator. A logMAR value of 3.0 was assigned for visual acuity on the level of hand movements. 6 Linear and multiple regression analyses were performed to determine the correlation of the visometric measurement and the other three preoperative variables (preoperative visual acuity, duration of macular detachment, and extent of RD) with best corrected postoperative visual acuity.
RESULTS
Preoperative Snellen visual acuity was less than 20/200 in 37 (93%) of 40 patients and less than or equal to counting fingers from 1 metre in 28 patients (70%) ( Table 1) . Visometric examination revealed a potential acuity equal to 20/200 or better in 37 patients (93%).
After surgery, best corrected visual acuity was 20/50 or better in 23 patients (58%). The mean time for measuring the best corrected visual acuity was 9.9 months (range 1-35 months) after surgery. Postoperative visual acuity was better than visometric potential acuity in 32 patients (80%). Of 19 patients who had a potential acuity of 20/100 or less, six (32%) obtained a postoperative visual acuity of 20/50 or better. However, postoperative visual acuity was better than 20/50 in 17 (81%) of 21 patients who had a potential acuity of 20/80 or greater (Table 2) .
In linear analysis, postoperative visual acuity was correlated significantly with duration of macular detachment and extent of RD (r=0.55; p<0.001 and r=0.31; p=0.05, respectively). We found a higher correlation between the visometric potential acuity and the postoperative visual acuity (r=0.61; p<0.001) (Fig 1) . There was no correlation between preoperative and postoperative visual acuities (r=0.05; p>0.05). Multiple regression analysis, using the three preoperative clinical variables to predict the postoperative visual result, yielded a correlation coefficient of 0.61 (p<0.001), which is equal to the value obtained using only the visometric prediction.
DISCUSSION
The critical factor determining visual prognosis in patients with RD is whether the macula is detached before the operation. Most patients present after macular detachment has caused central visual loss, and 37% to 59% of these can regain 20/50 or better visual acuity after successful treatment. 3 5 8 9 Multiple factors related to preoperative and postoperative observations and surgical methods are correlated significantly with visual outcome-for example, preoperative visual acuity, duration of macular detachment, extent of RD, patient age, status of crystalline lens, height of macular detachment, location and size of retinal break, proliferative vitreoretinopathy, preoperative ocular hypotony or hypertension, drainage or non-drainage of subretinal fluid, number of cryo applications, extent of indentation, encircling or not circling, and the length of follow up.
2-5 9-13 A regression formula that can deal with these variables simultaneously might be helpful in predicting the postoperative vision. Burton and Lambert 11 identified 26 of 200 observations that significantly affect visual prognosis and developed a mathematical model that predicts in a broad range of visual acuity to approximately 67% of accuracy. Although it is possible to predict visual capacity using this method, it might not be practical for widespread clinical use.
Preoperative visual acuity, duration of macular detachment, and extent of RD are the main variables correlating significantly with postoperative visual result and are evaluated routinely on preoperative examination. We compared the predictive value of these clinical variables with that of visometric potential acuity. Increased duration of macular detachment and extent of RD were significantly associated with less postoperative visual acuity (r=0.55 and r=0.31, respectively). We found a higher correlation between visometric potential acuity and postoperative visual acuity than the other variables (r=0.61). According to our findings, a patient with potential acuity of 20/80 or better might reach a postoperative acuity of 20/50 or better, with a possibility of 81%. When potential acuity is 20/100 or less, the possibility reduces to 32% (Table 2) .
Friberg and Eller, 6 who used the PAM in 50 patients, found that the preoperative PAM measurement was correlated better with final visual acuity than with any other variable (r=0.72). They found the highest correlation between potential acuity and visual improvement (r=0.92). According to their findings, a patient with poor preoperative Snellen acuity who has a good PAM result is likely to obtain a large visual improvement after surgery.
Although our study was designed similar to that of Friberg and Eller, 6 there are some differences between the two studies. They included 17 patients who were unable to read any letter on the PAM and presumed that these patients had a potential acuity of 20/800. We excluded patients who could not see the interference lines on visometric examination. They considered the final visual acuity to be that measured 6 months after surgery. We defined this variable as the highest visual acuity measured at any time during follow up. Visual acuity may continue to improve up to 2 years after surgery, particularly in young and myopic patients. 13 14 The Lotmar visometer usually underestimates potential acuity and might show better agreement with visual acuities measured in the postoperative 6 months.
In another study, Yasukawa et al 15 used the PAM and laser interferometer for predicting the visual outcome in 31 patients with macular involvement. They found that postoperative visual acuity correlated better with the laser interferometry and PAM results (r=0.73 and r=0.71, respectively) than with preoperative visual acuity.
Of the several factors, preoperative visual acuity is the most important variable related to the final visual result after anatomically successful reattachment surgery. 10 In a series of patients with macular involvement and preoperative visual acuity of 20/200 or better, postoperative acuity of 20/50 or better was obtained in 65% of eyes. 5 However, the chance of regaining postoperative acuity of 20/50 or better diminishes to 31% when preoperative acuity is less than 20/200. Most large series of RD involving the macula report that preoperative acuity is less than 20/200 in about 80% of cases. 1 3-5 In our series, preoperative visual acuity was worse than 20/200 in 37 patients (92%). The value of preoperative vision in predicting visual capacity might be limited in this subgroup of patients.
With regard to duration of macular detachment, it is well known that longer duration of detachment is associated with less visual recovery. However, the data about duration of macular detachment significantly affecting postoperative vision are conflicting. The critical duration has been reported as 1 week, 1 month, and 2 months. 2 5 16 Furthermore, duration of macular detachment is determined subjectively, according to the patient's recall, and might not be reliable, particularly in patients with longstanding RD. 3 As with the PAM and laser interferometer, the Lotmar visometer has been used to measure the visual capacity in eyes with opacity of ocular media, particularly in cataracts. 17 18 A Snellen chart is projected into the eye via a narrow beam of light in the PAM, a series of light and dark stripes formed by interference of two light beams in the visometer. The visometer is as accurate as the PAM in determining visual capacity in patients with cataracts. 18 In earlier studies, these methods were considered to be unreliable in measuring visual capacity in eyes with media opacities and macular pathological features. Predicted value was better than the attained postoperative visual acuity when there was cystic oedema, serous detachment, or hole or age related degeneration of the macula. 17 19 20 In these conditions, the disparity between these two measurements probably represents a measure of the potential vision if the underlying macular disease can be treated. 21 The visual improvement obtained after treatment of cystic macular oedema secondary to posterior uveitis or cataract surgery and after the surgery of macular hole correlated well with pretreatment potential acuity measurements. [21] [22] [23] In our study, 37 patients who could not read any letter on the Snellen chart had a potential visual acuity of 20/400 or better on visometric examination. This discrepancy deserves an explanation. The beam light of potential acuity meters illuminates a narrower area on the macula than the light reflected off a Snellen chart, and, therefore, the light scatter caused by intraretinal microcystic oedema may be less. 6 24 In addition to histopathological changes, refractive changes associated with topographical changes in the detached macula also decrease visual acuity significantly. Interferometers or PAMs can measure potential acuity because they create images on the retina without the influence of the refraction within certain limits. 7 18 25 Some patients could not find the light at all on the visometer, although they were able to see the light of the examination room and more. We noticed that the macular detachment was higher and the fovea was considerably away from the optical axis in these patients. The increased macular elevation may be associated with a large refractive error and less visual capacity. 10 16 Although some patients stated that the stripes are not straight and regular on visometric examination, this did not prevent them seeing the stripes and describing their directions. Such an optical distortion might affect the predictions negatively in the devices using letter charts. A study found that compared with other type of potential acuity devices, interference fringe-type instruments tended to give high values of prediction in patients with macular disease. 26 Visometric potential acuity was higher than postoperative acuity in four patients in our study (one line on the Snellen chart in three patients and three lines in the other patient). Retinal reattachment was obtained by local scleral indentation in these patients, and the macula appeared normal after surgery. We do not know why visual improvement was less than predicted in these patients.
In conclusion, although having some limitations, potential acuity measurement using the Lotmar visometer may be a useful method in predicting visual outcome in RD with macular involvement. This method may be used to inform patients of their visual capacity. Because of the multitude of variables associated with postoperative visual acuity, it has been difficult to compare visual results obtained by several RD surgery techniques. 27 Comparisons based on potential acuity measurements might help overcome this difficulty.
